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A. ???? [6–9] 180 162
B. CD ???? 699 372
C. SNS???? 10000 294
























60 ?????????????????????????? 60 ?????21 ??
????????? 2−5 ???????????
3. ??????
? 60 ????????????44 ?????????????????????
? 3???????????????????????????????????
?????????????????????????????????? 20 ?








? 1?? ? 2?? ? 3??
???????????????
????? 0.932 0.044 0.024
????? 0.917 0.188 -0.192
?? -0.898 0.023 -0.008
??? -0.752 0.466 -0.166
????? 0.146 1.001 0.271
????? -0.127 0.886 0.236
??????? -0.286 0.775 -0.232
????? 0.387 0.756 -0.161
????? 0.246 0.092 0.923
???? -0.037 0.358 0.854
??? -0.286 0.145 0.830
???? -0.085 -0.359 0.777
??? 0.292 0.292 0.262
????? α 0.926 0.893 0.877
? 3.4: ?????????
? 1?? ? 2?? ? 3??
???????????????
? 2??????? 0.189 1.000




















???????? 3????????????????? 0.880, ????? 0.481, ?
???? 0.676?3?????? 0.679 ?????????
? 3.5: ???????????????
44???????? R2?1??????????????
????? R2 ???? ????? R2 ????
????? 0.883 0.883 ???? 0.520 0.474
??? 0.858 0.833 ????? 0.566 0.464
?? 0.795 0.745 ????? 0.606 0.462
????? 0.757 0.731 ???????? 0.626 0.456
??? 0.786 0.712 ???? 0.637 0.422
??? 0.726 0.708 ????? 0.549 0.410
?????? 0.776 0.708 ??? 0.556 0.410
????? 0.812 0.691 ???? 0.675 0.408
??? 0.784 0.687 ???? 0.496 0.363
????? 0.728 0.679 ??? 0.695 0.362
????? 0.706 0.668 ???????? 0.549 0.352
???????? 0.786 0.660 ????? 0.505 0.351
??? 0.723 0.640 ???? 0.510 0.334
???? 0.768 0.639 ???? 0.570 0.292
??? 0.739 0.633 ??????? 0.442 0.270
???? 0.710 0.580 ???? 0.360 0.230
?????? 0.660 0.576 ?????? 0.433 0.221
????? 0.595 0.551 ????? 0.335 0.207
?? 0.680 0.539 ????? 0.367 0.001
?????? 0.677 0.512 ?????? 0.292 -0.026
????? 0.629 0.508 ????? 0.359 -0.332
















































???????????? 44.1 kHz?16 bit ??????????????????
??STRAIGHT [12]???? 1 ms ??? F0???????????????????







??????? 0-22.05 kHz © ©
0-3 kHz © ©
0-6 kHz © ©
0-9 kHz © ©












????? K(ms) 10 25 50 100
?????? F1 © © ©
F2 © © ©
????? 0-3 kHz © © ©
0-22.05 kHz © © ©
F0 ∆f0(t) © © © ©
∆∆f0(t) © © © ©
??? © © © ©
F0 ???????
??????????????????
?????????? cent ????1 ms, 1000 ms?





























??? Slin(f, t)???????????? Slog(f, t) = log |S(f, t)|??????????
???????????f ????????????????
13
??????? ?????????Timbral Texture Feature????????? [14]?





f=1(f · Slin|log(f, t))∑B
f=1(Slin|log(f, t))
(3.2)
?????????? ??????????? Timbral Texture Feature??????
???????????????????????? [14]??? t????????
????????????? Slin(f, t− 1)?????????? Slog(f, t− 1)??




(Slin|log(f, t)− Slin|log(f, t− 1))2 (3.3)
??????? ? (3.1) ??????????? Slin(f, t),????????? Slog(f, t)
??????????????4??????0-3 kHz, 0-6 kHz, 0-9 kHz, 0-22.05
kHz???????????????????????????















????????????????F1 < 900Hz, 900Hz < F2 < 3300Hz?????

















????????? ?????????????????? P (t)??????3.1???






???????????????? ??????? Slin??????????? Slog?
??????????????∆Slin(f, t)??∆Slog(f, t)?? (3.1)???????
?? t????????????????????????????4??????





100 cent????????????? fc(= 440× 2 312−1 = 261.62...Hz)? cent ?? 4800
cent???????? fHz??? cent ? fcent???????????
fcent = 1200 log2(
fHz
fc








???? c(t)?????c(t)?? 50 ms?????????? ¯c(t)???????
???????????? 1000 ms?????c(t)?? ¯c(t)??????????
????????





? [20]?????? t?????????????5-8 Hz????????????













???4?????????K=10, 25, 50, 100????????????????
???????????∆F0(t)?? (3.1)? y(k)????????∆∆F0(t)??
??????????????????
F0???? ∆F0(t)???????????????????????|∆F0(t)| < 0.0005?
??????????? F0(t)?????????????????4??????






















































? 3.2: ? 20???????????????
?????????????????????????????? 20 ???????

























(mn − en)2/(N − P − 1)
N∑
n=1














???????????????? 3.7???????????? p < .001????
????????????????????????????????????????
?????????????????????????????????????????
?????? Rˆ2 ? 0.8 ??????????????????????????????
???????????? RLOO ? RLOSO ???????? 0.9 ??????????
????????????????????????????????????????
????????????????????????????????? Rˆ2? 0.7 ???

















????? 0.840 0.791 0.811
????? 0.865 0.820 0.818
?? 0.929 0.875 0.869
??? 0.887 0.838 0.824
????? 0.800 0.703 0.691
????? 0.723 0.640 0.598
??????? 0.688 0.597 0.582
????? 0.698 0.600 0.612
????? 0.534 0.454 0.419
???? 0.518 0.449 0.447
??? 0.728 0.628 0.617
???? 0.855 0.790 0.798




??? 0.958 0.923 0.931
??? 0.551 0.471 0.462
??? 0.643 0.574 0.593




??? 0.555 0.454 0.387
??? 0.386 0.302 0.217
?????? 0.238 0.176 0.131
Rˆ2 ???????? 10 ?
Rˆ2 R
??? LOO LOSO
??? 0.938 0.900 0.896
?? 0.929 0.875 0.869
??? 0.925 0.887 0.872
???????? 0.888 0.809 0.812
??? 0.887 0.838 0.824
????? 0.865 0.820 0.818
???????? 0.862 0.766 0.786
???? 0.855 0.790 0.798
??? 0.851 0.791 0.800
????? 0.840 0.791 0.811











????????mi?i = 1, 2, ..., I???????????????? ei?i = 1, 2, ..., I?
??????????????????????? RIs ?????I ?????????








??? 1.181 ??? 1.294
???? 1.103 ????? 1.132
????? 0.906 ????? 1.097
????? 0.893 ??????? 0.978




????? 1.805 ????? 1.356
???? 1.379 ????? 1.098
????? 1.310 ????? 1.095
????? 1.253 ????? 1.048




???? 1.228 ???? 1.191
???????? 1.070 ????? 0.733
?????? 0.966 ????? 0.708
???? 0.778 ???????? 0.677
?? 0.687 ???? 0.557
3.3???????? 1??????????????????????????
????? 60??????RI=50s ???? 0.720 ????????????????
?????????????????????????????????? 3?? 3???
























?? 12?????????????????????? 8????????? 72.0%??
???????????????????????????? 3.10???? 8 ????
????????????????????????????????????????
????????????????? 5?6?7?????????????????? 12
?? 3?????????????? 8???????12 ?? 4??????????
??????????????? 1?2?3?4?8??????????????????















? 3.10: ????????????? 1?????? 8?????????
??????? ??????????????
1 2 3 4 5 6 7 8
??? -1.15 -0.35 0.95 0.39 -0.45
??? -0.65 -0.51 0.80
??? 0.69 0.67 0.64
????? -0.29 0.32 -0.10
????? -0.33 0.24 0.12
?? 0.28 -0.18 -0.15 0.12
??? 0.25 0.13 -0.21 -0.20 0.14
????? -0.12 0.26
????? 0.13 0.16 -0.15 0.28
??????? -0.19 -0.19 -0.14 0.16
????? -0.15 0.15 -0.19 -0.12 -0.15
????? 0.10 0.10 0.14 0.10
???? 0.15 0.11 0.14
??? 0.31 0.16 0.28

























F0 ?????? (K=10) ?????
∆F0 ?????? (K=100) ????
F0 ?????? (K=25) ?????
∆F0 ?????? (K=10) ???
F0 ?????? (K=10) ???
F0 ?????? (K=25) ???
∆F0 ?????? (K=25) ???
∆F0 ?????? (K=10??????
F0 ?????? (K=50) ???






??????? (0-22.05 kHz) ????
????????? (K=50) ??? *
??????? (0-22.05 kHz) ???
????????? (K=25) ??? *
????????? (K=50) ????? *
??????????????? (K=50) ????? *
??????????????? (K=50) ??? *
????????? (K=100) ??? *
????????? (K=25) ????? *







∆F0 ?????? (K=10) ????
F0 ?????? (K=10) ????
????????????????? (K=50) ????
F0 ?????? (K=25) ????
F0 ?????? (K=10) *
F0 ?????? (K=50) *
??????? (0-3 kHz) ???
F0 ?????? (K=10) ?????











??????? (0-3 kHz) ?????? (K=50) ?????
??????? (0-3 kHz) ?????? (K=25) ?????
F1 ?????? (K=50) ?????
??????? (0-3 kHz) ????? *







F2 ?????? (K=25) ?????
fcent ????? (1000 ms ??)*
F2 ???
F2 ????
F2 ?????? (K=50) ?????
???????????????
????????????




































?????????????? 3????, 3??????? 50 ??????????
????????????10??????????????????????????
RI=50s ???????? 6???????RI=50s ???? 0.531 ???????????
?????????????????????????????????????????





???? ????? ????? ????? ????
D 7.4 59 66 7
E 12.4 62 66 4
F 9.6 58 73 15
G 8.7 60 75 15
H 10.9 56 68 12
I 12.4 59 71 12
????????MIDI???????????????????
??????????
?? ????? RI=50S ?????? ??? ??
D 0.256 0.114 2.20 0.47
E 0.251 0.455 3.50 0.97
F 0.643 0.602 3.94 1.19
G 0.640 0.474 4.21 1.03
H 0.802 0.558 3.92 1.18
I 0.593 0.462 3.16 0.97
?????? 50?????????? 44??????????
????? D ???????????????????? 5???????????
?0.114?????????????????????????????????????
????????????47????????????????????? 3.13????








































?????????Modal, Falsetto, Whisper, Creak(vocal fly), Harshness, Breathiness,
??? 6 ????????????????????????????????????
















































???????????????? 3 ???????5 ??????????????
????????????????????????????????????????
????????????????????????????????????????






















































???????Sundberg [13]????? 3 ??????Chest, Middle, Head????
??????????? 400 Hz, 660 Hz ?????????????????????
?????????????C4?? 261 Hz??? E5?? 659 Hz??????????
????????????????????????????????????????
???C4 ?? E5 ??????????? 1 ???????????????????




????E4?? 329Hz?, G4?? 392Hz?, C5?? 523Hz?? 3 ??????????
??????????????low, middle, high ?????????????????





??????????? 8 ?????????????? 3 ????????????
???[36]??????????????????????28????????????

















































??????????????? 2?????b ? dp?????????





• ?????????????? 2, 8, 12, 18?
• L*a*b ??????? a*, b* ???????????????? 14, 24? 
?????????????PCCS ????????????? 2 ?? 1 ??????
5 ????????????????????????????????????????
????????????????????????????????????????
????????2, 8, 12, 18???????????????????????????
??L*a*b* ??????? a*, b* ?????????????14, 24?????? 6 ?
?????????????????????????????????????? PCCS




? 4.1: ??????????? 26 ?
????
?????53 ???????? 27 ???? 26 ??????Web ?????????
????????? MacBook ??????????????????????????
????Mac????? 2.2, ???????? D65?????????????????
????????????????????????????????????????
????????????????????????????????????????








???? 15 ??????????? 5 ?????????????????????
????????????????????????? 28 ?????????????
??????????? 4.2,? 4.3???????p ?????????????? 4.2
33
? 4.2: ????????????????????
? ? ? ?? ? ?? ??
? 0.04 0.11 0.11 0.36 0.36 0.19
? 0.04 0.36 0.29 0.50 0.39 0.31
? 0.11 0.36 0.00 0.32 0.00 0.16
?? 0.11 0.29 0.00 0.43 0.00 0.16
? 0.36 0.50 0.32 0.43 0.14 0.35
?? 0.36 0.39 0.00 0.00 0.14 0.18
? 4.3: ???????????????????????
P1 P2 P3 P4 P5 ??
?? 0.71 0.71 0.64 0.68 0.71 0.69
















??????????????????????????? low ? middle, low ? high?
?????? low ? high ??????????????? 4.2???????????
????????????3 ???????????????????????????
? 4.4???????????????? 4.3???:???:????:????? low ?






? ? ?? ? ??
? ** *
? - * * ** **
? - - ** **
?? - - - *
? - - - - *
? 4.3: ????????????????????????????????????






















ai(ai − 1) (4.1)
ζ = 1− 24d
k3 − 4k (4.2)
???????? 28 ?????????? ζ ???????????????????
????????? 53 ?????????????????????????????





? 4.4: ???????? ? 4.5: ??????????












?? low, middle, high ?????????????????????????????
????????????????????? A ?????????????????
?????????????? C ????????????????????????








L*a*b*???????????? L*??????????? a*, b* ? 3 ?????
?????????a* ?? b*?????????????? 0 ????????????
a*??????????????????????????? b* ??????????
?????????????????????a* ? b* ???????????????
????????????????????????a* ? b* ????????????
????????????????????????????????????????
??????????
????2????????????????????????? a*, b* ??????
???????? A*, B* ????????????? A*, B* ???? 4.9?????
?????high ?????????????????????????????high ?
????????????????? falsetto ???????????????????










????? 0.950 -0.027 0.378
????? 0.913 0.074 0.071
???? -0.905 -0.125 -0.210
???? 0.879 0.120 -0.211
?? -0.667 -0.126 0.005
?? 0.166 0.937 -0.026
??? 0.116 0.859 0.355
???? -0.100 -0.847 0.343
?? 0.005 -0.785 0.562
??????? 0.622 -0.664 -0.457
????? 0.221 -0.249 0.974
????? 0.330 0.182 0.966


























???44.1kHz, 16 bit ?????????????????????????????
????????????????????????????????????????
??????????????Praat [39]??????????? 50ms, ??????
10ms ???? 1 ??????????F1(t)??? 2 ??????????F2(t)???
????t ????????????????????? 10000Hz ??????????
????????????FFT??????? 2048????????? 50ms????
???? 10ms ??????? t ????????????? S1(f, t)????????
??? C(t),??????????? R(t)???????????? F (t)??????























(logS1(f, t)− logS1(f, t− 1))2 (4.6)
????????????? STRAIGHT [12]?????1ms ??? F0????????
40
??????? S2(t)???????????????????? 1ms ???????
??? ?????????????????????????????????4 ???


















2 − (∑Bf=1 f)2 (4.7)
STRAIGHT [12]???????????????????????????????






















???p<.01 ????????? **, p<.05 ?????????*???????????
??A* ????????????????????????????????????




? ? ? ?? ? ?? ?? ?? A* B*
?? 0.72∗∗ 0.75∗∗ -0.05 -0.37∗ -0.79∗∗ -0.78∗∗ 0.88∗∗ 0.69∗∗ 0.24 0.80∗∗
???? -0.67∗∗ -0.62∗∗ -0.15 0.38∗ 0.71∗∗ 0.73∗∗ -0.95∗∗ -0.52∗∗ -0.15 -0.64∗∗
???? -0.09 -0.10 -0.20 0.26 0.14 0.08 -0.27 -0.18 -0.09 -0.23
??????? -0.56∗∗ -0.78∗∗ 0.75∗∗ 0.13 0.67∗∗ 0.47∗∗ -0.22 -0.73∗∗ -0.40∗ -0.66∗∗
????? -0.18 0.05 -0.48∗∗ 0.17 0.10 0.18 -0.53∗∗ 0.26 0.11 0.01
?? -0.61∗∗ -0.50∗∗ -0.23 0.37∗ 0.61∗∗ 0.64∗∗ -0.91∗∗ -0.34∗ -0.15 -0.56∗∗
????? 0.16 0.41∗ -0.50∗∗ -0.07 -0.28 -0.17 -0.10 0.60∗∗ 0.26 0.39∗
?? 0.03 -0.09 -0.31 0.44∗ 0.07 0.06 -0.28 -0.12 0.08 -0.15
????? -0.10 -0.07 0.36∗ -0.07 0.06 -0.07 0.21 -0.02 -0.21 0.04
????? -0.13 -0.04 0.21 -0.12 0.07 0.02 0.04 0.07 -0.10 0.05
??? 0.79∗∗ 0.86∗∗ -0.31 -0.37∗ -0.85∗∗ -0.81∗∗ 0.71∗∗ 0.89∗∗ 0.36∗ 0.89∗∗
???? 0.09 -0.15 0.69∗∗ -0.22 -0.00 -0.18 0.53∗∗ -0.26 -0.23 -0.04
???? 0.08 -0.02 0.47∗∗ -0.27 -0.07 -0.14 0.43∗ -0.01 -0.02 0.12
??? -0.03 0.00 0.35∗ -0.22 -0.02 -0.08 0.26 0.06 -0.08 0.12
??? 0.81∗∗ 0.84∗∗ -0.13 -0.40∗ -0.88∗∗ -0.83∗∗ 0.92∗∗ 0.75∗∗ 0.30 0.85∗∗
??? 0.26 0.53∗∗ -0.74∗∗ -0.02 -0.39∗ -0.17 -0.11 0.60∗∗ 0.40∗ 0.43∗
? 4.8: ??????????????????
? ? ? ?? ? ?? ?? ?? A* B*
F1 0.49∗ 0.63∗∗ -0.45 -0.17 -0.56∗ -0.50∗ 0.33 0.62∗∗ 0.31 0.51∗
F2 0.49∗ 0.60∗∗ -0.31 -0.24 -0.55∗ -0.52∗ 0.42 0.56∗ 0.11 0.44
??????? 0.57∗ 0.68∗∗ -0.54∗ -0.10 -0.62∗∗ -0.55∗ 0.29 0.79∗∗ 0.38 0.63∗∗
????? 0.28 0.31 -0.36 0.09 -0.27 -0.28 0.07 0.45 0.25 0.34
????? 0.33 0.40 -0.43 -0.12 -0.41 -0.13 0.13 0.45 0.25 0.32
lsm 3k 0.65∗∗ 0.70∗∗ -0.46 -0.29 -0.67∗∗ -0.58∗ 0.33 0.77∗∗ 0.33 0.68∗∗
lsm 6k 0.44 0.43 -0.41 -0.09 -0.40 -0.38 0.07 0.54∗ 0.17 0.40
lsm 9k 0.36 0.32 -0.34 -0.06 -0.29 -0.30 -0.01 0.42 0.10 0.30
lsm all 0.22 0.08 -0.10 -0.09 -0.10 -0.15 -0.06 0.15 -0.05 0.09
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